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2Disclaimer
This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof.
Sustainability and The Triple Bottom Line
Actions must account for impact on planet and people as well as profit
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Prairie Research Institute: Illinois-focused  Resource 
Research and Service
Addressing societal challenges that impact Illinois and the global community
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ISTC : Driving Economic Growth Through Sustainability
Catalyze job growth, improve quality of life, while preserving natural resources
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Assistance
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electronics 
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• Biomass to electricity
• Plastics to fuel
• Water treatment
• Indoor health and safety
Steps in Building a Market for Captured CO2
Combination of partnerships, technologies, and interest in economic development
• Find a Power Generator willing to host large scale pilot
– Abbott Power Plant at University of Illinois
– Traditionally evaluates new technologies and shares with other plants
• Assemble a “bondable” team with a proven capture technology (Phase I)
– Linde/BASF provides proven technology
– Linde/BASF; Affiliated Engineers Inc. experienced in large projects
• Obtain financing for project
– Proposal to DOE for 25 MW large scale capture pilot
– $75 MM; $60 MM DOE funds; $15 MM cost share
• Construct and test a large scale pilot system at the power generator (Phase 
II)
• Large scale pilot evaluations of technologies for utilization of captured CO2 
(Phase III)
– Forming Center for CO2 utilization
– Capitalizes on 500 Tons/day of CO2 generated
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Capturing Carbon from Abbott Power Plant
Team set and Phase I accepted by DOE for 25 MWe Capture Facility
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Abbott Power Plant at University 
of Illinois
• Strong Illinois team led by University: University of Illinois, Linde, Affiliated Engineering
• Phase I (planning) cost share is being contributed by University and partners
• Phase I awarded to University in August 2015, started October 1, 2015
• Phase II (build & test) is a $75 Million project with $60 Million from DOE
• Phase II cost share is $15 Million (~$3.5 Million per year for four years, starting in 2017)
• Need cost share commitment letters by June 30, 2016
Linde 1.5 MWe Capture Plant at National 
Carbon Capture Center 
25 MW LARGE PILOT FOR CAPTURE 
OF CO2: PHASE II
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Objectives for Phase II
• Design and install a carbon capture system of nominal 25 MWe 
– Integrate with the Abbott Power Plant flue gas system
– Demonstrate the viability of continuous operation under realistic conditions 
with high efficiency and capacity
– Optimize the process at this scale and to gather performance data to enable a 
robust design of large commercial size plants
• Provide a guideline for the retrofit of other existing plants 
within the coal fleet
– Enable future knowledge sharing with other utilities in order to 
encourage and facilitate the retrofit process
• Illustrate a path forward for the utilization of the captured CO2
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TECHNOLOGY DESCRIPTION
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BASF OASE® blue technology development
Linde adopted and optimized for PCC applications
—2001, Ludwigshafen
—Solvent performance 
verification
—2009, Niederaussem
—Process optimization, 
materials testing
—2014, Wilsonville, AL
—Design improvements, 
emissions confirmation
—2017/18, proposed
—PCC plant cost reduction
—Full value chain
Equilibria
Kinetics
Stability
Mini plant Pilot: 0.5MWe Pilot: 1.5 MWe Large Pilot: 25 MWe
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Wilsonville PCC Pilot Plant
Project essentials
− DOE-NETL funded project ($16.2 million funding)
− Total project cost $22.7 million
− Location: 880 MWe Gaston Power plant (operated by 
Southern Co.) in Wilsonville, AL
− Site of the National Carbon Capture Center
− Capacity: Up to 6,250 Nm3/h flue gas from coal fired 
power plant (30 t/d CO2); Up to 1.5 MWe
− CO2 purity 99+ vol % (Dry basis)
− Project start: November 2011
− Start-up: January 2015
− Project Duration: 4.5 years
− Partners: Linde LLC, Linde Engineering North America, 
Linde Engineering Dresden, BASF, DOE-NETL, EPRI, 
Southern Company (Host site)
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Illinois PCC Large Pilot Plant 
Technology features
Solvent regeneration CO2-capture Flue gas cooling, 
SO2-pre scrubbing
CO2
Desorber
Flue gas
Absorber
Prescrubber
Booster fan
Condenser
Filter
Reboiler
CO2-lean 
flue gas
Steam
Make-up 
water
Interstage 
cooler
NaOH 
solution 
tank
Solvent tank
Solvent
Condensate
New Reboiler 
Design
Process 
Optimization
Optimized 
Emission Control 
System
Blower Position 
Adjusted to Local 
Requirements
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PROJECT MANAGEMENT
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Project Organization Chart
University of 
Illinois
Linde LLC
BASF
Linde Engineering 
Dresden, GmbH 
Germany
Linde Process 
Plants, Tulsa OK
Affiliated 
Engineers
Advisory Board
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Team Roles & Responsibilities for Physical Infrastructure
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- AEI
- Linde, BASF
SITE DESCRIPTION AND LOCATION 
OF CAPTURE PLANT
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Host Site: Abbott Power Plant
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• Seven boilers total: three are coal based 
(Chain-grate stoker design) others natural 
gas
• Coal side has completely separate 
treatment system from natural gas side
• For testing will run two coal boilers
• Illinois high sulfur coal is burned
• Electrostatic precipitators and a wet Flue 
Gas Desulfurizer (FGD) in place
• Tradition of evaluating new emission 
technologies
• Tradition of showcasing technologies to 
other power plants and education groups
Site for Carbon Capture Plant Established
Located close to Abbott Power Plant
19
Layout of Linde’s Carbon Capture Plant
200 ft. x 200 ft. footprint
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PHASE III AND PROGRESS 
TOWARDS MARKET FORMATION
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CO2 Utilization Options
Need to explore a variety of options at a large scale
http://www.netl.doe.gov/research/coal/carbon-storage/research-and-development/co2-utilization
Phase III: Center for CO2 Utilization
Forming center to address market needs
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• Goal: Bring together university researchers and industry 
partners to examine large scale pilots to UTILIZE the 
captured CO2
• Looking for partners throughout the value chain, i.e. CO2
users and CO2 generators
• Looking for international partners willing to test large scale 
systems and share information
• Will include educational and workforce development 
components
• Developing research thrust areas now
Chemicals and Fuels from CO2
Ongoing and Possible Research Avenues
– CO2 as raw material to make polyurethane
– CO2 reaction with propylene oxide to form polyols with application in Foam 
mattress
– CO2 consuming reaction to form polyether carbonate polyol- cross linked 
solvent resistant films
– Bosch-Meiser process for making urea from CO2 and ammonia
– Synthetic diesel/methanol using CO2 and H2 ( proton-exchange membrane 
electrolyzer powered by excess energy generated from wind turbines)
– Store excess renewable energy in the form of chemical to overcome 
problem of fluctuation/grid stabilization
– Joule’s technology converting waste CO2, sunlight, and nonpotable water 
into ethanol/kerosene/C12 fatty acids using cyanobacteria  
– CO2 as reactant to make cyclic carbonates using fatty acids/seed oils with 
applications in solvents, polymers, chemical intermediates, and electrolytes
– Synthetic Leaf converting solar energy along with CO2 and water vapor 
from air to generate useful chemicals
Other Avenues for CO2 Utilization 
Research thrust opportunities for Center
• CO2 capture in waste water Algae
• Biochar: A new way for CCS
– Captured CO2 in the form of biomass can be converted to a very stable form called Biochar
– Can be stored in soil for 100-1000 of years.
• Cement
– Carbon8 combines CO2 (high purity from sugar beet) with waste residue, including ash to form 
calcium carbonate, which is then mixed with fillers and binders to produce pellets in a drum 
pelletizer, where more CO2 is added to carbonate the binder and eventually used in building 
blocks
– Calera captures CO2 from their power plant stack by bubbling through seawater to form 
calcium carbonate cement
– Carbon Science uses flue gas and water leftover after mining operation (mine slime rich in 
magnesium and calcium) to create cement
• Increased crop production with higher CO2 concentration
• Increased use of CO2 in applications, such as:
– Enhanced oil recovery
– Refrigerant to replace CFCs
– Coolant in metal working industry
– Food industry
Regional & Global Test Bed for CCUS
Concentration of natural resources and intellectual capital
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Decatur
Champaign
-Urbana
Mattoon
Carbondale
Fairfield,Olney, 
Robinson, Mt. 
Carmel
• Operator Training
• Coal combustion
• Utilization of CO2 : Enhanced Oil Recovery (EOR)
• Storage of CO2 : ADM Project
• Capture of CO2 : Abbott Power Plant UIUC
Advisory Board for Capture Project and Center
Key partnerships regionally and with China, India, and Brazil
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